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ABSTRACT
The aim of the study was to analyse the direct and  indirect effects of knowledge, attitudes, and eating 
behavior on anthropometry status and anemia incidence in female adolescents. This observational study 
employed case-control design and involved a total with total  of female adolescents 117, classified 
into case groups (n=39) and control groups (n=78). The data were collected using questionnaires on 
knowledge and attitude about nutrition of anemia and eating behaviors, 2x24 hour food  recall, Food 
Frequency Questionnaire (FFQ), anthropometry, and also Hb level measurement by Cyanmethemoglobin 
method. The data were analysed  using  path analysis. The results showed that there was a significant 
relationship (p<0.05) and direct effects between eating behavior on anthropometry status and incidence 
of  anemia, which accounted for 66% and 22% respectively. There was no relationship (p>0.05) and 
indirect effects between attitude and incidence of anemia with value 4.1%. Eating behavior had a strong 
effect on anemia incidence through anthropometry in female adolescents.
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INTRODUCTION
World Health Organization (WHO) de-
fines adolescents the individuals who are in the 
age group of 10-19 years. This group of world’s 
population has grown approximately 1.2 billion. 
In Indonesia, the number of  female adolescents 
has reached 41 million people (UNICEF 2011). 
Female adolescents group is one of the vulner-
able groups to having nutritional problems, es-
pecially anemia, which is one of  the health  nu-
trional problem in Indonesia, with its prevalence 
reaching 21.7% and  more developing  in females 
than males (MoH 2013). In Central Java, the 
prevalence of anemia was 57.1% (Central Java 
Provincial Health Office 2014).
Based on a survey by the Nutrition Pro-
motion of Sukoharjo Districts Health Office to 
1200 females in 12 schools, there  were 559 fe-
males (46.58%) had anemia (Sukoharjo  Districts 
Health Office 2014). From these data it can be 
seen that the incidence of anemia in Sukoharjo 
is still more than 15%. It is classified as  public 
health problem according to WHO guidelines. 
(Alisjabana 2015).
The high prevalence of anemia in female 
adolescents can lead to various effects  if  not pre-
vented. Nutritional status is one of the risk fac-
tor of anemia. Kanodia et al. (2016) in his study 
showed that female adolescents with a lower 
body mass index  have risk developing anemia. 
Inadequate intake can be one of the factors of 
undernourished adolescents. In other words, eat-
ing behavior has impact of nutritional status in 
female adolescents. Female adolescents with 
a poor eating behavior such as skipping meals, 
drinking tea after or with meal it can induce ane-
mia (Mazhar 2015). 
Inadequate intake caused by poor eating 
behavior may result from the lack of nutrition 
knowledge, particularly about anemia. The lack 
of nutrition knowledge in female adolescents can 
affect their attitudes. According to Jalambo et 
al. (2017) most of female adolescents still  have 
lack of knowledge and awareness of anemia. This 
study was carried out  to analyse the factors that 
directly and indirectly effects the incidence of 
anemia in female adolescents.
 
METHODS
Design, location, and time
The study is  design was a case control. 
Cluster random  sampling  technique was em-
ployed  to select  the location, resulting in four 
junior high schools  in 4 sub-districts in Suko-
harjo Districts. The study was carried out in the 
period of August-September 2017. 
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Sampling
The population in this study was female 
adolescents aged 13-15 years. Anemia status was 
used  to select  the subjects. The minimum sample 
size was calculated by using the formula of  the 
sample size of case control study with confident 
levels of  95% (Zα=1.960) and strength of  80% 
(Zβ=0.842), OR=3.98, which resulted in the min-
imum sample being 39. With ratio of  1:2 for case 
and control groups, total of subject was 117 (39 
in the case and 78 in control groups). The inclu-
sion criteria applied for control groups were fe-
male adolescents aged 13-15, Hb levels ≥12 g/
dl, having no menstruation during the study and 
accepting the informed consent agreement. Those 
who were not present and had illness/sick during 
this study were excluded from this study. The in-
clusion criteria for case groups were female ado-
lescents aged 13-15, Hb levels <12 g/dl, have no 
menstruation during this study. Female adoles-
cents who had chronics illness such as Upper Re-
spiratory Tract Infection (URTI), cancer, Tuber-
culosis (TB), heart disease, and another chronic 
disease were exclude from this study. 
Ethical clearance for this study was ap-
proved by Health Research Ethics Committee 
Faculty of Medicine, Sebelas  Maret University, 
Dr. Moewardi General Hospital, Surakarta. It was 
obtained in the form of ethical Approval No. 570/
VI/HREC/2017 and written informed consent 
was obtained from each.
Data collection
The data on anemia incidence are obtained 
by measuring the levels of hemoglobin. Blood 
samples were analysed with Cyanmethemoglo-
bin method in Sarana Medika laboratory in Sura-
karta. The nutritional status were obtained by 
measuring the weight and height of the subject by 
using digital scales and microtoise. The data on 
subject characteristics such as age, maternal edu-
cation, and parents income were obtained through 
interview. The data of knowledge, attitude, and 
eating behavior for female adolescents  were col-
lected  with questionnaires which has been tested 
for validity and reliability. Based on the validity 
test, only 8 from 15 questions of knowledge were 
valid, whereas 10 items of attitudes were consid-
ered valid as many. For behavioral items, from 
20 questions only 17 were valid. The reliability 
test showed Cronbach alpha values  of ≥0.60 for 
each  item. 
Data analysis
Incidence of anemia was classified accor-
ding to Hb level, Hb<12 g/dl in case group and 
Hb ≥12 g/dl in control group. Nutritional status, 
can be measured with z-score BMI for age (Body 
Mass Index by age). Classifications include un-
derweight if the z-score <-3.0, wasting ≥3.0 to 
-2SD, normal ≥2.0 to ≤1.0, overweight >1.0 to 
≤2.0, and obesity >2.0. The knowledge was di-
vided into 3 categories; good (>80%), moderate 
(60-80%), and less (<60%). A Likert scale was 
used to measure the attitude, which included 
strongly agree (5), agree (4), neutral (3), disagree 
(2), strongly disagree (1), subsequently the va-
lues were divided into two categories ("positive" 
if the mean value was ≥ 31 and "negative" if the 
mean value was <31). Furthermore, a Likert scale 
was used to measure eating behavior included e-
very day (5), often (4), sometimes (3), rarely (2), 
and never (1), the values were divided into two 
categories ("well" eating behavior  if  the mean 
value was <50 and "good" if  the mean value was 
≥50). 
The data were analysed by using  univari-
ate  and  multivariate analysis. Univariate analy-
sis was used to analyse the distribution of subject 
characteristics (age, maternal education, parents 
income, knowledge, attitude, anthropometry sta-
tus, and eating behavior). Multivariate analysis 
was used for the path analysis. The objective of 
path  analysis was to analyse the direct and indi-
rect effects of the independent variables (knowl-
edge, attitude, behavior and eating behavior) on 
the dependent variables (anthropometry status, 
anemia incidence), which can be seen through the 
coefficient values that have  been described in the 
form of diagrams with arrows in one direction to 
the theory. 
RESULTS AND DISCUSSION
Anemia status and subject's characteristic
Anemia is a condition characterized by 
decreased hemoglobin levels in the blood due to 
reduced oxygen capacity in the body (Rati 2014). 
This study showed the subject accounted for 
39 (33.6%) subjects in the case group (anemic) 
and 78 (66.7%) subjects in control group (non-
anemic), showed in Table 1. The average of Hb 
levels in subjects was 12.57±1.44, whereas in the 
case and the control group were 10.96±0.85 and 
13.39±0.87, respectively.
Most of the female adolescents were 13 
years old (84.6%), showed in Table 1. In average 
of the education level of the subject’s mothers 
were senior high school (40.1%). Compare to the 
UMR (regional minimum salary) in Sukoharjo 
District which is Rp 1,513,000, most respondent's 
parents had income above the UMR (57.2%).
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Knowledge
Knowledge is one of the most important 
fundamental elements that form attitude and be-
havior. In terms of knowledge on nutrition, espe-
cially related to anemia, mostly were still in the 
category of lack of knowledge (56.4%). It was 
indicated by most subjects who failed to answer 
correctly questions on the definition of anemia 
(65.8%), the cause of anemia (73.5%), the ef-
fect of anemia (53%), the prevention of  anemia 
Table 1. Haemoglobin concentration on female adolescents
Haemoglobin consentration Frequency % Mean ±SD Min Max
Anemic  39 33.3 10.96±0.85 9.0 11.90
Non-anemic 78 66.7 13.39±0.87 12.0 15.50
Total 117 100.0 12.57±1.44 9.0 15.50
Table 2. Distribution of subject's characteristics
Subject's characteristics
Anemia status
Total
Anemic Non-anemic 
n % n % n %
Age (years)
13 30 76.9 69 88.5 99 84.6
14 8 20.5 7 9 15 29.5
15 1 2.6 2 2.6 3 5.2
Maternal education
Elementary school 8 20.5 18 23.1 26 22.2
Junior high school 11 28.2 22 28.2 33 28.2
Senior high school 17 43.6 30 38.5 47 40.1
Diploma/bachelor degree 3 3.8 8 10.3 11 9.4
Income 
High 23 59 44 56.4 67 57.2
Low 16 41 34 43.6 50 42.7
Knowledge
Good 3 3.8 6 7.7 9 7.7
Moderate 11 28.2 31 39.7 42 35.8
Less 25 64.1 41 52.6 66 56.4
Attitude
Positive 12 30.8 31 39.7 43 36.7
Negative 27 69.2 47 60.3 74 63.2
Eating behavior
Good 10 25.6 42 53.8 52 44.5
Very good 29 74.4 36 46.2 65 55.5
Nutritional status
Underweight (-3 SD) - - 1 1.3 1 1.3
Wasting (-3 SD to <-2 SD) 3 7.7 - - 3 7.7
Normal (-2 SD to 1 SD) 35 89.7 66 84.6 101 86.3
Overweight (>1 SD to 1 SD) 1 2.6 5 6.4 6 7.7
Obese (>2 SD) - - 6 7.7 6 7.7
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(58.2%), the factors that affect iron absorption re-
lated to anemia incidence (72.7%). A study con-
ducted by Hafiz (2015) showed that only 25% 
of female adolescents had a good knowledge 
about anemia. Notoatmodjo (2010) expounded 
that behaviors that are based on knowledge will 
last longer than behaviors that are not based on 
knowledge. 
Attitude
Attitude is a reflection of evaluation or re-
action of feelings (Azwar 2009). Table 2 showed 
that most of female adolescents attitude were 
negative (63.2%), both in the case or control 
groups with mean score less than 31. It is prov-
en by the fact that there are female adolescents 
who did not agree with the ideas that increasing 
the consumption of iron-containing supplements 
can prevent anemia (45.2%), they  assumed  that 
anemia is not a health  problem (4.2%), and they 
ignored  the fact that anemia can interfere with 
school activities (18.8%). Ranjitha (2016) stated 
that female adolescents are in high risk to de-
velop anemia eventhough they have good knowl-
edge but do not implement the knowledge and 
have negative attitude.
Eating behavior
Eating behavior is the behaviors reflecting 
a one’s manners, meal frequency, food pattern, 
eating habit, and the food choice. In this study 
most of the female adolescents were classified 
in the category of well eating behavior (55.5%) 
with a mean score of <50. 74.4% of female ad-
olescents who had very good eating behavior 
had anemia. This is indicated in the data that 
some female adolescents skipped meals (34%), 
rarely consumed animals protein (35%), rarely 
eat vitamin C-containing fruits (32.4%), eating 
unhealthy snack (35.8%), liked to eat fast food 
(35.8%), drank tea/coffee during meal (92.3%), 
limited dietary intake (50.7%), and had no in-
formation about anemia (26.4%). Unhealthy eat-
ing behaviors, such as high frequency of eating 
junk food (81.5%) and skipping meals (96.6%) 
are significantly associated with anemia (Jethva 
2014).
Anthropometry status
Anthropometry status is a state of the body 
as a result of consumption, absorption, and the 
use of nutrients or physiological conditions due 
to the availability of nutrients in the body. An-
thropometry status of female adolescents in Su-
koharjo Districts was mostly normal (86.3%). A 
total of 3 (7.7%) of wasting female adolescents 
were anemia and 1 (2.6%) overweight female 
adolescents developed anemia. Female adoles-
cents who are underweight or wasting are more 
susceptible to anemia, it is because the food in-
take is less than their needs so that the amount 
of nutrients that are absorbed is also low. Macro-
nutrients (carbohydrates, fats, and proteins) are 
closely related to anthropometry status as well 
as micronutrients (vitamins and minerals). Inad-
equate intake it can be effect on anthropometry 
status and anemia status. Both inadequate nor 
excessive intake may affect the nutritional and 
anemia statuses (Kartini 2014). 
Path analysis
Table 3 model 1 shows there was no sig-
nificant relationship between knowledge and  an-
thropometry status (p=0.123). It is line to Kinyua 
(2013) that there is no significant relationship 
between knowledge and anthropometry status in 
female adolescents in Nairobi. It contrast with 
Pahlevi (2012) who states there was a significant 
relationship between knowledge and anthropom-
etry status. The reason behind no significant re-
lationship between nutritional knowledge and 
anthropometry status can be seen from some 
subject's age of this study which are mostly 13 
years old (84.6%). For the most part, at the age, 
determining the type of food and meal prepara-
tion process still depends on parents, especially 
mothers. 
Model 2 shows that there was no signifi-
cant relationship between nutritional knowl-
edge of anemia and the anemia occurence with 
(p=0.227). Similarly, Suryani (2015) stated  there 
was no relationship between knowledge and 
anemia incidence. There was no relationship be-
tween attitudes and  nutritional  status  in female 
adolescents (p=0.065), as it can seen from Table 
3 model 1. Similar study with Kinyua (2013) that 
there was no significant relationship between at-
titude and anthropometry status. 
Table 3 model 1, it can be concluded 
that there was a significant relationship be-
tween eating behavior and  anthropometry status 
(p=0.000). It is similar to Syed et al. (2016) who 
found that there is a significant relationship be-
tween eating behavior and anthropometry status. 
The variables of eating behavior with anemia oc-
currence showed a significant relation (p=0.045) 
which can be seen in Table 3 model 2. Megawati 
(2016), in her study also maintained that anemia 
in female adoescents  it can be affected by eating 
behavior.
J. Gizi Pangan, Volume 14, Number 1, March 2019                                                                    41
Path analysis application in anemia
Direct  influence  of  knowledge, attitude, and 
eating behavior with anthropometry status 
and anemia status.
According from  path  analysis (Figure 1), 
it can be seen that eating behavior had a strong 
effects on the other variables. The result shows 
that there was a positive and  direct  relationship 
between eating behavior and anthropometry sta-
tus with a coefficient value of  0.666. It means 
that 66% of the anthropometry status of female 
adolescents is directly affected by eating behav-
ior, the remaining 34%  are affected  by other fac-
tors. In the other hand, there is a direct effect and 
positive  relationship  between eating behavior of 
female adolescents and anemia occurrence (coef-
ficient value of 0.222). It means that the better 
behavior of female adolescents, the lower anemia 
occurrence is 22% of eating behavior directly af-
fects the incidence of anemia in female adoles-
cents, the remaining 78% are affected by other 
factors.
Figure 1. Path analysis diagram
Based on Figure 1, the coefficient of the 
path indicates that there was a negative  relation-
ship between knowledge and anthropometry sta-
tus (coeficient value -0.106). It means that nu-
tritional knowledge can affect nutritional status 
in  10.6%, the remaining 89.4% are influenced 
by other factors. Knowledge is one of the impor-
tant fundamental aspects that form attitudes and 
behavior. In contrast, there is a direct and posi-
tive relationship between knowledge and anemia 
occurence (coefficient value of 0.100). It means 
that the better nutritional knowledge, the lower 
the occurenceof anemia in female adolescents 
in Sukoharjo Districts. Nutitrional knowledge of 
anemia in female adolescents affect 10% of ane-
mia occurrence, the remaining 90% are affected 
by other factors.
From the results of  path  analysis pre-
sented in Figure 1, it can be seen that there is 
direct,  negative effects  of attitude on  nutritional 
status in female adolescents (path coefficient of 
Table 3. Model of coefficient path analysis on incidence of anemia in female adolescents
Model Coefficient Significance
Model 1
Knowledge -0.106 0.123
Attitude -0.128 0.065
Eating behavior 0.666 0.000
Model 2
Knowledge 0.100 0.227
Eating behavior 0.222 0.045
Anthropometry status 0.321 0.004
*Path Analysis, significant at p<0.005
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-0,128). It means that attitude can affect nutri-
tional status for 12.8%, the remaining 81.2%  are 
affeted by other factors.
  
Indirect effects of knowledge, attitude, and 
eating behavior with anthropometry status 
and anemia status
In this study, it can be concluded that at-
titude variable has an indirect effect on the oc-
currence of anemia. It is an indirect influence 
because nutrition-related attitude must affect 
anthropometry status first before proceeding to 
anemia occurrence. Based on Figure 1 above, an-
thropometry is a mediator variable it can also be 
seen that there was no significant relationship be-
tween nutritional attitude of anemia and anemia 
occurrence in female adolescents (p=0.234). The 
statement is parallel with Royani et al. (2016), 
showing that there is no significant relationship 
between nutrition attitudes and the incidence of 
anemia. in contrast, Jose (2016) stated that there 
is a significant relationship between nutrition at-
titude and anemia occurrence in women of child-
bearing age. The path analysis diagram shows 
that nutritional attitude did not directly influence 
anemia occurrence, however it must pass the 
variable mediator, that is anthropometry status. 
As shown in Figure 1, there was an indirect 
effect and negative relationship between attitude 
and anemia occurrence which (-0.041). 4.1% of 
nutritional attitudes affects anemia occurrence in 
female adolescents, the remaining 95.9%  of it 
influenced by other factors. Figure 1 and Table 3, 
show that the anthropometry status functions as 
the mediator variable that directly affect anemia 
occurrence. It is indicated by the value of the path 
0.321 and is significant (p=0.004). It means that 
the anthropometry status has an influence on ane-
mia occurrence in female adolescents of  32.1%, 
the remaining 67.9% are affected by other fac-
tors. Tesyafe et al.(2015) stated that there is a sig-
nificant relationship between anthropometry sta-
tus and anemia occurrence. Similarly, the study 
conducted by Ramzi et al. (2011) found that there 
is a significant relationship between both vari-
ables and that anthropometry status is one of the 
factors that cause anemia in female adolescents. 
This study found that some of female adolescents 
who had poor anthropometry status and were 
overweight suffered anemia. 
The person who has poor anthropometry 
status due to nutritional intake will gradually 
experience wasting. Metabolism in the body be-
comes slower, energy and oxygen needs will be 
reduced so that the red blood cells (which are 
needed to carry the oxygen throughout the body) 
will also be reduced. On the other hand, when 
nutritional intake decreases, some micronutrients 
required in the formation of red blood cells are 
restricted (Zimmerman 2007).
Female adolescents who are overweight 
and obese may also suffer anemia. The occur-
rence of anemia in this group can be caused by 
several factors, such as genetic/race factors and 
inadequate intakes of iron rich-foods (Nead 
2004). In addition, chronic inflammation and in-
creased leptin production in obese will also in-
crease the secretion of hepcidin from the liver. 
The hepcidin may reduce iron absorption (Nadia 
et al. 2010).
CONCLUSION
There is no relationship between know-
ledge and  nutritional attitude, and  anthropom-
etry status and anemia occurrence in female 
adolescents. There is a significant relationship 
between eating behavior and anthropometry sta-
tus and anemia occurrence. Based on the path 
analysis diagram, there is a direct effect of the 
variables of knowledge, attitude, eating behavior 
on anthropometry status, and  knowledge, eating 
behavior on  anemia occurrence. Attitude does 
not directly affect anemia occurrence. The most 
influential variable on anthropometry status and 
anemia occurrence was eating behavior. Good 
cooperation between school and  local  health 
officials is required to regularly educate female 
adolescents about anemia in order to change the 
behavior. Next research needs to conducted more 
focus on another variables related to anemia oc-
currence in female  adolescents.
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